Freshwater and marine-spawned fishes were sampled from the Baakens River, a small urban river that runs through the city of Port Elizabeth in the Eastern Cape of South Africa. Using fyke nets, 8 sites were sampled along the river course over a 4-month period (January -April 2014). Catches were comprised of indigenous freshwater, marine migrant and alien fishes. Marine migrant fishes, including catadromous species dependent on freshwater for early life-history strategies, were significantly affected by instream barriers which prohibited upstream migration of all species except Anguilla mossambica. The freshwater fish fauna was dominated by Tilapia sparrmanii and Pseudocrenilabrus philander, species that are alien to the Baakens River. While indigenous Barbus pallidus and Sandelia capensis were both abundant and widely distributed in the river, only two Pseudobarbus afer were sampled from one survey site. The low abundance and narrow distribution of this endangered species is of concern and human-mediated impacts on this species require urgent evaluation and mitigation.
INTRODUCTION
South Africa is a water-stressed country and rivers and lakes are critical for providing freshwater for human use (Mukheibir and Sparks, 2003) . As a consequence, many rivers and their basins have been altered for the purposes of water provisioning, with little concern for dependent ecosystems. Freshwater fishes are entirely dependent on these habitats for their existence and survival and their dependence renders them extremely vulnerable to anthropogenic influence in the form of habitat alteration, degradation of water quality and barriers (Skelton et al., 1995) . Worldwide, the fragmentation of river systems has been suggested as the primary factor leading to the decline in migratory fish populations (Masters et al., 2006) . Furthermore, the dynamic longitudinal nature of river systems means that point-source impacts are transmitted downstream for distances proportional to the scale and nature of the impact (Skelton et al., 1995) .
Human-mediated impacts on rivers in South Africa include habitat alteration, freshwater abstraction and the introduction of alien species which have been identified as primary contributors to the decline in native fish populations, particularly in the Cape Fold ecoregion in South Africa where endemic species have limited distribution ranges (Darwall et al., 2009 ). In addition, changes to freshwater inputs and flow regimes have been shown to result in a decline in the diversity and abundance of fishes in estuarine regions (Plumstead, 1990) , and river fragmentation resulting from the construction of instream barriers (Geeraerts et al., 2007) prevents migration of freshwater-dependent marine species . Urban rivers are particularly vulnerable to this suite of anthropogenically-induced threats.
The current study endeavours to provide information on the composition, distribution and abundance of freshwater and marine-spawned fishes in the Baakens River, a small (23 km long), urban river in the Eastern Cape of South Africa that rises and falls within the City of Port Elizabeth (Muller et al., 2015) . The river course runs through the city centre and has been widely altered from its original state by the construction of instream barriers and the introduction of alien fishes (Muller et al., 2015) . The Baakens River is a National Freshwater Ecosystem Priority Area (NFEPA) and has been listed as a 'fish sanctuary' primarily due to the presence of the endangered Eastern Cape redfin Pseudobarbus afer (Peters, 1864) (Nel et al., 2011) . The primary aim of the current study was to determine the composition, abundance and distribution of fishes currently resident in the Baakens River and to determine the extent of migration restriction by instream barriers for marine-spawned fishes.
MATERIALS AND METHODS

Study area
The Baakens River (Fig. 1) is a short perennial urban river with a small catchment of approximately 20 km 2 . The river runs through a narrow valley for approximately 23 km, through the city of Port Elizabeth in a west to east orientation, and terminates at the Port Elizabeth harbour. The region has a temperate climate with average temperatures ranging from 18 -25°C in summer and 9 -20°C in winter. Rainfall follows a bimodal pattern with peaks in spring and autumn and a wide variation between years ranging from 350 -1 200 mm (Lear, 2013) . To alleviate the risk of flooding, the region near the river mouth was canalised in 1897, where it originally formed a lagoon (Lear, 2013) . In a survey of instream barriers, Bok (1997) identified 5 causeways within the lower 6 km of the river, all of which are potential barriers to upstream movement. 
Field sampling
Field sampling was conducted on the Baakens River with the first sampling site at the river mouth, and the last approximately 15 km upstream (Fig. 1) . Within this sampling area there are numerous manmade obstacles to fish migration, including 5 causeways and 2 high weirs. Eight (8) fixed sampling sites were selected (Table 1 ) along the length of the river and sampled monthly for 4 consecutive months (January -April 2014) to include summer recruitment and immigration of marine-spawned species using a double-winged, fine-meshed (2 mm) fyke net. All fyke nets were fitted with an otter guard comprising plastic mesh with openings of 45 mm × 45 mm. While the use of otter guards is essential to avoid bycatch and subsequent drowning of the Cape clawless otter Aonyx capensis, their use limits the maximum size of fish sampled in the fyke nets to fish smaller than the aperture of the guard net and therefore excludes adults of some larger fish species e.g., Micropterus salmoides and Cyprinus carpio. Fyke nets were set along the river margins facing downstream. All nets were set before sunset and retrieved shortly after sunrise the following day. Soak times were recorded for each net. On retrieval, all fish caught were identified to species and measured to the nearest millimetre total length (TL). All catches were expressed as catch per unit effort which refers to the total number of fish caught per hour. This was derived from the total number of individuals caught during the total soak time, in hours, for each net on each sampling occasion. Using a YSI 6600 multi-parameter probe, temperature (°C), total dissolved solids (TDS), salinity (PSU), pH, conductivity (ms/ cm 3 ) and dissolved oxygen (%) were measured at each site on each occasion. Dissolved oxygen levels did not vary greatly throughout the sampling period but low levels were regularly recorded at Site 5 above the Dodd's Farm Weir. The reservoir above the weir is a collection point for debris and sediment and a strong smell of sulphur dioxide was regularly noted at this location.
Figure 1 Geographic position of the Baakens River showing location of sampling sites and location of barriers as vertical bars
Community composition
A total of 5 118 fish, representing 8 families and 11 species, were sampled during the study ( Barbus pallidus and S. capensis were present along most of the river course but were more abundant in the upper reaches above Site 5. All marine-spawned species were restricted to the lower region between Site 1 and Site 3, except for A. mossambica which was also sampled from Site 5. Pseudocrenilabrus philander and T. sparrmanii were the only ubiquitous species. SIMPER analysis revealed that these two alien species were the dominant contributing species to similarity between sites, P. philander contributed approximately 34% to the similarity among all sites studied while T. sparrmanii contributed 28%.
Spatial trends in species diversity and abundance
An overall species richness (d) and species diversity (H′) value of 1.1 was obtained for the Baakens River. Species richness and diversity were higher near the mouth (Site 1) where mean values of d = 1.4 and H′ = 1.2 were obtained. A simple linear regression was calculated to predict species richness (d) based on distance from mouth (site). A weak regression relationship (P < 0.05) was found (F (1, 29) = 4.99), with an adjusted R² of 0.118 and r = −0.383 (Fig. 3) . Species richness decreased moving upstream with Site 7 (d = 0.8) having the lowest richness.
Data analysis
Normality and homogeneity of variance tests were completed for physical and biological data, using a Shapiro-Wilk test and normal probability plots. CPUE and physical data did not conform to test assumptions and therefore non-parametric tests were used for all analysis. Physical parameters were tested among sites using the non-parametric Kruskal-Wallis test. A Spearman Rank Correlation test was used to test for relationships between CPUE and physico-chemical parameters.
PRIMER statistical software package V6.1.16 was used to assess current community trends and to calculate diversity indices, namely, Margalef's species richness (d) and Shannon-Wiener diversity (H'). These were compared among sites and particularly with regard to barrier location. Biological data were square-root transformed prior to analyses. No differentiation was made between catadromous, marine-spawned and estuary-dependent or resident species; all species were grouped and referred to as marine migrants due to their low average abundance. The SIMPER routine was performed to determine the relative contribution of key species to the similarity among sites along the river course. To assess the effects of barriers on the migration of marine migrant species, the dominant, uniformly distributed alien species were removed from the cluster analysis. A further SIMPER routine was performed excluding all alien species to determine the effects that barriers had on the indigenous community. A significance level of P < 0.05 was used for all statistical analysis.
RESULTS
Environmental variability
The physical variables measured over the study period are summarised in Fig. 2 . Temperature, TDS, salinity, pH and conductivity did not differ significantly between sites but varied temporally. Water temperature ranged from a maximum of 29.9°C in January to a minimum of 15.3°C in April. Mean TDS declined from January (0.92) through to April (0.72); as did salinity (0.71 -0.55). The pH (mean 6.63) remained stable throughout the sampling period. Despite Site 1 being located within the tidal influence of the Baakens River Estuary there appeared to be no saltwater intrusion from the ocean during the study period as salinity units were never higher than 1 PSU. 
Figure 3 Species richness index (d) for all sampling events and sites displaying decline in species richness in upstream direction
Species diversity similarly showed a declining trend moving upstream, with average H′ = 1.2 near the mouth compared to H′ = 1.0 in the upper regions. Average CPUE varied considerably between sites but generally increased moving upstream. CPUE was consistently lowest at the river mouth (Site 1) and increased to approximately 20 fish/h at Site 3 and remained consistent up to Site 7 where CPUE was generally higher (up to 160 fish/h on one occasion). Marine migrants made up a small proportion of the catch composition and were limited to the lower sites. Throughout the Baakens River the alien species P. philander and T. sparrmanii accounted for more than 50% of the total catch while indigenous freshwater fish species made a smaller contribution of approximately 3% in the lower reaches and 30% in upper reaches (Fig. 4) .
Barrier effects
Sites 1, 2 and 3 (lower 2.2 km) are separated from Site 4 by the ± 2 m high Holland weir, which is separated from Site 5 by the ± 3 m high Dodd's Farm weir. Species diversity declines upstream in accordance with these barriers as they restrict upstream migration (Fig. 5.) . Anguilla mossambica was the only marine-spawned species able to traverse the Dodd's farm weir located below Site 5. Two M. falciformis were sampled from above this first barrier at Site 4 and all other marine-spawned species were sampled from below Site 4. For further analysis, sites were grouped into regions based on their location with respect to barriers. The lower region (Sites 1-3) was free of migration barriers and was most dissimilar to the regions above any subsequent barriers. Much of this dissimilarity was attributed to the variable abundance of B. pallidus, P. philander and T. sparrmanii and not to the presence of marine migrants, presumably due to their low relative abundance. Excluding the two alien species from the analysis revealed the impact of instream barriers on the indigenous fish fauna. SIMPER analysis revealed that the lower, barrier-free, region was greatly dissimilar (89.2%) from the sample sites above the first weir. Barbus pallidus, M. capensis and M. falciformis contributed uniformly to this site dissimilarity with 24, 20 and 20%, respectively. Barbus pallidus, being the most abundant remaining species, contributed disproportionately to the site dissimilarity among all other regions. A cluster analysis using native fish species illustrates this site dissimilarity between the barrierfree lower region and all other upstream regions (Fig. 6 ) which are not greatly dissimilar. The absence of marine migrants at sampling sites above the first barrier is the primary contributor to this site dissimilarity.
DISCUSSION
The canalisation of the lower Baakens River has altered the historic estuarine area. Currently there is minimal marine water intrusion into the lower river, thus the estuary region is confined to a narrow outlet which opens into the Port Elizabeth harbour. Nevertheless, the freshwater outflow still appears to act as a cue to marine migrants as a number of marinespawned species were sampled from the lower regions of the river. Physico-chemical variables showed little variation among sites and, as a result there was no significant relationship between the abundance, distribution and community composition of fishes and the physico-chemical environment of sampling sites. This is consistent with observations that in regulated rivers, physico-chemical variables have little influence on structuring of fish assemblages when compared to the effects Mattos et al., 2014) . River regulation, in terms of barriers, appeared to be a far greater determinant of species composition and distribution in the Baakens River, particularly for migrating fishes of marine origin. Liermann et al. (2012) concluded that, globally, the fragmentation of rivers is considered the primary cause for declines in populations of migratory fish. While locally Wasserman et al. (2011) showed that instream barriers constructed along the length of the Sundays River excluded upstream movement of several migrating marine fish species. As a result, these instream barriers are cutting off the important nursery areas provided by rivers and upper estuaries, which are known to be an important habitat for young estuary-dependent marine species . In the barrier-free Great Kei River, for example, M. capensis were recorded 173 km upstream of the estuary (Bok, 1983) , while in the Baakens River not a single M. capensis was captured above the first barrier only 1.4 km upstream. Bok (1994) also recorded high numbers of Mugil cephalus, which recruit into the Baakens River in winter, as being constrained by this barrier. The absence of marine migrant species, apart from A. mossambica, from sample sites above the first barrier illustrates the impact of weirs on the upstream migration of these species. Man-made barriers in the form of dams, weirs, barrages or road crossings are putting potentially large areas of habitat out of reach of marine migrant species, which have evolved life-history strategies to take advantage of these relatively protected, food-rich habitats (Bok, 1979; Fausch et al., 2002) . Barriers also affect freshwater species by fragmenting the natural river course and even small weirs can reduce gene flow and negatively impact on the genetic structure of fish populations (Blanchet et al., 2010) . Of the three native freshwater fishes sampled during this survey, B. pallidus and S. capensis are widespread and abundant (see Table 2 and Fig. 4) while P. afer abundance was low and its distribution restricted to a single site (Site 4) during the current survey. Pseudobarbus afer is IUCN Red-Listed as endangered (see Weyl et al., 2014) and the Baakens River is one of the last few known refuges for the geographically-restricted 'Mandela genetic lineage' of this species (Swartz et al., 2007) .
From the current study and the historical comparison of electrofishing surveys presented by Muller et al. (2015) , it is evident that the Baakens River has undergone considerable changes with regard to species composition since surveys in the early 1990s (Bok, 1994) with a now overwhelming dominance of the alien P. philander. Alien fishes have been shown to impact on native fish communities through predation and by competition (see Ellender and Weyl, 2014) . For example, largemouth bass Micropterus salmoides were shown to prey on migrating estuarine and marine fishes in the Kowie River (Weyl and Lewis, 2006) . With regard to competition, Alexander et al. (2015) demonstrated that invasive fishes typically exhibited higher functional responses, characterised by higher prey attack and consumption rates and lower prey handling times than native fishes. Such competitive interactions among similar-sized native and alien species can lead to the extirpation of the native species (Mills et al., 2004) .
CONCLUSION
In the Baakens River, human activities, in the form of habitat alteration, pollution from sewage and species introductions, appear to have altered the fish assemblage over time (see Muller et al., 2015) . Instream barriers and canalisation limit fish migration putting the safety and feeding opportunities of much of the river out of reach for many marine-spawned species, such as the catadromous mugilid, M. capensis. In addition, the introduction of alien fishes is likely to have negative impacts on native fishes (Ellender and Weyl, 2014) . Alteration of river habitats and the introduction of alien species are common problems in many South African rivers. This not only affects indigenous biodiversity but also results in the increased homogenization of landscapes and biota across the country (Scott and Helfman, 2001) . Of particular concern is the low abundance and narrow distribution of P. afer, an endangered species, in the Baakens River.
